Reagents
All reagents used were in analytical-grade in the experiments. Tetrahydrofuran (THF), tributyl citrate (TBC), ethylene diamine (EDA), isopropyl isocyanate, n-butyl isocyanate, cyclohexyl isocyanate, 4-dimethylaminopyridine (DMAP), poly(N-vinylpyrrolidone) (PVP, Condensation polymerization between tributyl citrate and ethylene diamine leads to PEC with a highly branched structure (see Scheme 1S). The process for the preparation of the polycitramides has been described in Reyes et al. 25 In short, tributyl citrate (TBC) and ethylene diamine (EDA) were mixed in freshly distilled N,N'-dimethyl acetamide (DMAc) in a 100 mL round-bottom flask and refluxed at 70 o C for 6 hr. A yellowish precipitate was gradually formed, and the reactants were transferred to a beaker, and precipitated with large amount of acetone. The precipitate was filtered and washed with acetone three times. It is possible that the alkyl isocyanate R'-N=C=O may further add to the resulting urea structures, giving rise to biuret. 25
Thus, 1 g of the poly(ethylene citramide) was mixed with 15 mL of DMAc in a 100 mL round-bottom flask. A mixture of 4-dimethylamino pyridine (DMAP, 1 mg) and isopropyl isocyanate were added to the polymer solution and the reactants were heated at 85 o C for 6 hr.
The product was poured into 200 mL of acetone, precipitated, washed with acetone for three times, filtered, and dried in vacuum oven at 35 o C for 15 hr. The polymer modified by isopropyl isocyanate, n-butyl isocyanate, or cyclohexyl isocyanate were prepared with a molar ratio of the polymer repeating unit to the corresponding isocyanate in 1:1, 1:1, and 1:0.8, respectively.
The modified poly(ethylene citramide) with isopropyl urea, n-butyl urea, and cyclohexyl urea groups are hereinafter abbreviated as PEC isopropyl, PEC n-butyl, and PEC cyclohexyl, respectively (see chemical structures in Scheme 2).
Gel permeation chromatographic analysis has been performed to obtain the molecular weights of the poly(ethylene citramide)s before and after modification. The number-averaged and weight-averaged molecular weight M n of the polycitramide increases moderately from approximately 2890 to around 9230 before and after modification, while the weight-averaged molecular weight M w of the polycitramide increases moderately from approximately 3670 to 13600 before and after modification. to the rheometer and chilled with a coolant provided from an external bath. A 24 mL portion of THF solution (THF/water at a 1:15 molar ratio) was gently transferred into the measuring concentric cylinder of the rotational rheometer where the shear rate was set at 21 rad s −1 . The temperature of the sample was set to 8°C, equilibrated for 10 min, and cooled to −5°C with a temperature ramp of 1 °C/min. The time of reaching the THF hydrate phase equilibrium temperature 4.9 °C is defined as t eq . The critical time of rapid growth of the hydrate is defined as t c , and the hold time of inhibition is t i = t c − t eq . Since hydrate formation is an exothermic process, the hold time can be measured by monitoring the dramatic changes of temperature and viscosity ( Figure 1S ). The rotational rheometric tests of the THF hydrate formation were carried out by adding 0.5 wt % of different inhibitors, averaging six tests per sample. Figure 3S . Relationship between total heat of melting of water in PVCap and PVP samples and water content in the polymer (R is water-to-polymer mass ratio). (top) PVCap-H 2 O mixture; (bottom) PVP-H 2 O mixture. PVP and PVCap have NFBW of 5.07 and 6.04 mol, respectively.
